We report our experience in the anaesthetic management of five patients undergoing three-stage thoracoscopic oesophagectomy. One patient required conversion to open thoracotomy because of extensive pleural adhesions. The other four patients, aged between 68 and 78, were all chronic smokers with mid-oesophageal squamous cell carcinoma. The duration of thoracoscopic surgery (and obligatory one-lung ventilation) ranged from 2.5 to 4 hours with total surgical time ranging from 7.5 to 9.5 hours. Anaesthetic considerations included the use of one-lung ventilation to provide surgical access, the cardiorespiratory effects of capnothorax, difficulties in assessing surgical blood loss during thoracoscopic dissection, crowding in the operating room with limitation of access to the patient and the risk of intraoperative dislodgement of the endobronchial tube. Postoperative pulmonary complications were not decreased in our patients despite the avoidance of thoracotomy. The thoracoscopic technique might contribute to pulmonary complications because of prolonged thoracoscopic dissection and unintentional pulmonary injuries. The concept of minimally invasive surgery needs further evaluation when the technique is applied in extensive procedures such as oesophagectomy.
Key Words: SURGERY, oesophagectomy, laparoscopic, thoracoscopic; ANAESTHESIA: thoracic, one-lung ventilation Oesophagectomy is the treatment of choice for oesophageal carcinoma as it offers excellent palliation and the prospect of cure. However, pulmonary complications remain a significant cause of postoperative mortality after transthoracic oesophagectomyl. Transhiatal oesophagectomy without thoracotomy has been suggested to reduce pulmonary complications, but this was not confirmed 2 • Thoracoscopic oesophagectomy produced favourable results in an initial series of patients 3 • In our institution, we are experienced in the management of oesophageal carcinoma', as well as in laparoscopic general surgery. Thoracoscopic oesophagectomy was undertaken in patients with oesophageal carcinoma after initial experience with a porcine model.
In patients undergoing thoracoscopic oesophagectomy, the cardiorespiratory problems of capnothorax have been described'. Two recent series 6 • 7 also reported postoperative pulmonary complications. We encoun-tered several other anaesthetic problems unique to the procedure. In this report we summarize our experience in the anaesthetic management of patients undergoing thoracoscopic oesophagectomy.
PATIENTS, SURGERY AND ANAESTHESIA
Patients with oesophageal carcinoma were accepted for surgery if they had no demonstrable extraoesophageal disease and a cardiorespiratory reserve sufficient for them to climb up more than three flights of stairs. No additional criteria were used in selecting patients for thoracoscopic surgery. Before surgery, all patients received chest physiotherapy, smokers stopped smoking, and those with more than 10070 weight loss or inadequate dietary intake received nasogastric tube feeding to a total daily intake of more than 2000 kcal for at least one week.
The patients were not premedicated. Monitoring included electrocardiography, airway pressure, nasopharyngeal temperature, capnography, pulse oximetry, invasive arterial pressure, central venous pressure (CVP) and urinary output. Anaesthesia was induced with thiopentone, fentanyl and suxamethonium using a rapid sequence induction technique. A left-sided Robertshaw double-lumen endobronchial tube (EBT) was inserted and its position confirmed by observation and auscultation. Fibreoptic bronchoscopy was used if necessary to assist and to confirm placement of the EBT. Anaesthesia was maintained with nitrous oxide, isoflurane, fentanyl and atracurium or vecuronium. Minute ventilation was guided by serial arterial blood gas analysis, and blood transfusion by blood haemoglobin concentrations using a haemoglobinometer (Haemocue, Aktiebolaget Leo Diagnostics, Sweden). Intravenous fluid warming coil, heated humidifier, and warming water mattress were used in all patients. One-lung ventilation was used during thoracoscopic surgery. Arterial oxygen saturation (Sp02) was kept above 90% by increasing the inspired oxygen concentration (Fi02), and if necessary by insufflating oxygen to the collapsed lungs.
Cefuroxime 750 mg, ampicillin 500 mg and metronidazole 500 mg were given intravenously at induction of anaesthesia. Surgery was performed in three stages. The abdomen was opened through an upper mid-line incision. The stomach was mobilized and a pyloroplasty performed. In patients with previous gastrectomy, colonic pull-up was carried out. The patient was then turned into the left lateral position. Five ports were inserted into the right pleural cavity, the first for the endovideo camera and the carbon dioxide (C02) insufflator, two for surgical dissecting instruments and two for endoscopic retractors. Dissection of the intrathoracic oesophagus was assisted by fibreoptic oesophagoscopy. Pneumothorax was created by allowing air entry through taps of the endoscopic cannulae. C02 was insufflated to flush diathermy fumes from the pleural cavity, during which the taps of the accessory cannulae were opened to air to keep the intrathoracic pressure atmospheric. Capnothorax was added if exposure was unsatisfactory with pneumothorax at atmospheric pressure. We controlled the intrathoracic pressure at 6 mmHg by limiting the insufflation pressure. After dissection of the intrathoracic oesophagus, the patient was turned supine. The anterior border of the left sternomastoid was incised longitudinally, and the lower cervical oesophagus anastomosed to the stomach or the colon.
After the operation, we replaced the EBT with an oral endotracheal tube and the patients were transferred to the intensive care unit (ICU). They were ventilated mechanically while receiving an intravenous infusion of morphine for sedation and analgesia. They were weaned from ventilatory support the next day and discharged from ICU when their conditions were satisfactory.
PERIOPERATIVE COURSE AND PATIENT OUTCOME
Five patients were scheduled for the procedure. The operation on the last patient in the series was converted to open thoracotomy because of extensive pleural adhesions. The other four patients underwent thoracoscopic oesophagectomy. All the patients had squamous cell carcinoma of the mid-oesophagus. Table 1 summarizes their physical characteristics, clinical features, perioperative course and eventual outcome.
In one patient, the left EBT entered the right main bronchus persistently and it was inserted eventually under fibreoptic bronchoscopy. The EBT was dislodged intraoperatively in one patient, producing partial expansion of the collapsed lung. Surgical exposure was, however, adequate after low-pressure capnothorax. In another patient, low-pressure capnothorax was added to improve exposure despite complete isolation of the right lung. These two patients required a larger minute ventilation to maintain normocarbia ( Table 2 ). During one-lung ventilation Sa02 was maintained above 900/0 in all four patients by raising the Fj02 up to 0.6. Arterial pressure fell and CVP increased during the initiation of one-lung ventilation. However, we did not detect any major haemodynamic changes during C02 insufflation and low-pressure capnothorax. In one patient, the right superior intercostal vein was torn during thoracoscopic dissection and this resulted in a rapid blood loss of approximately 300 m!. Despite the long operation, the net change in core temperature ranged from -0.3 to +0.5 DC, largely because of a rise in core temperature during the thoracoscopic stage of surgery ( Table 2 ). The core temperature ranged from 34.8 to 38.0 DC at the beginning of surgery, and 34.9 to 38.2 DC at the end of surgery. The intraoperative course was otherwise uneventful. All patients developed multiple postoperative complications, mostly pulmonary in origin. Patient 1 was initially weaned off ventilatory support 24 hours after surgery. He developed right lower lobe atelectasis 12 hours later, requiring tracheal intubation and further ventilation. This was subsequently complicated by nosocomial pneumonia. Patient 2 had an uneventful immediate postoperative course. She later developed a cervical anastomotic leak that healed after conservative treatment. She subsequently died of pneumonia despite antibiotics, physiotherapy, bronchoscopy, and tracheostomy. Patient 3 developed a right-sided pneumothorax with air leak immediately after surgery. This persisted despite fibrin glue pleurodesis. Video thoracoscopy revealed a tear in a right upper lobe bulla and this was sealed and resected with an endoscopic stapler on day 8. Patient 4 had evidence of bleeding in the initial 24 hours after surgery requiring blood transfusion. He developed pulmonary oedema and bilateral pleural effusions 24 hours later that resolved after diuretics and intercostal drainage. Later, in the ward, he developed pneumonia and died despite treatment. In patient 5 the operation was converted to a standard Ivor-Lewis oesophagectomy. His postoperative course was uneventful apart from bleeding into the intercostal drain in the initial 12 hours.
DISCUSSION
The anaesthetic problems that we encountered included the requirement for complete collapse of one lung, intraoperative dislodgement of the EBT, respiratory effects of the capnothorax, crowding inside the operating room, difficulties in assessing surgical blood loss, and serious postoperative pulmonary complications despite the avoidance of thoracotomy.
Compared with open thoracotomy, video display of the surgical site was restricted and thoracoscopic dissection more difficult. Complete collapse of one lung was therefore necessary. Fibreoptic bronchoscopy was needed to assist the placement of the EBT in one of our patients, probably because of distortion of the major airway by the tumour. We also recommend fibreoptic bronchoscopy to check positioning of the EBT in all cases if available. This can minimize accidental injuries to an inadvertently inflated lung during trocar insertion. It can also minimize intraoperative dislodgement of the EBP that can occur in thoracoscopic oesophagectomy during changes in patient positioning, thoracoscopic manipulation of the lung and intraoperative oesophagoscopy. Physiological changes during the thoracoscopic stage of surgery. The haemodynamic variables are parameters before and after the initiation of one-lung ventilation. The respiratory variables represent the steady-state parameters before and during one-lung ventilation. Core temperatures represent parameters before and after the thoracoscopic stage of surgery. Patients We avoided the use of capnothorax because of the potential adverse cardiorespiratory effects'. However, capnothorax was needed when leaks around the EBT resulted in partial expansion of the collapsed lung, and when the lung failed to collapse adequately. The latter occurred probably because of loss of pulmonary elasticity from aging and smoking. In this situation, capnothorax improved surgical exposure by displacing the medisatinum as further alveolar collapse was limited by dynamic airway compression. The rapid insufflation of C02 and deflation of one lung can produce hypotension, hypoxaemia and hypercarbia'. The intrathoracic pressure should also be monitored and regulated to avoid haemodynamic instabilityl°. An intrathoracic pressure of 6 mmHg produced no adverse haemodynamic changes in our patients. Nevertheless, we recommend invasive haemodynamic monitoring with continuous display of the CVP and the arterial pressure.
The additional equipment required during thoracoscopic oesophagectomy included the light source, C02 insufflator, video camera and monitors, and the equipment and personnel required for fibreoptic oesophagoscopy. These were positioned at the head of the operating table, restricting access to the patient and the anaesthesia equipment. During thoracoscopic surgery, the assessment of blood loss was difficult because of the limited display of the operative field and the frequent use of irrigation fluid. We found it necessary to use CVP and serial haemoglobin measurements to guide intravenous fluid replacement and blood transfusion.
We observed an increase in core temperature during the thoracoscopic stage of surgery. This was probably because of the avoidance of openly exposing the thoracic cavity and therefore reduction of evaporative heat loss. Body heat was preserved despite the use of gas insufflation and fluid irrigation in the thoracic cavity. The increase in core temperature may also have contributed to the increase in CO 2 production in our patients, which necessitated an increase in minute ventilation.
Our patients developed serious postoperative pulmonary complications despite the avoidance of thoracotomy. The causes of pulmonary complications after oesophagectomy are multifactorial, including perioperative pulmonary aspiration, intraoperative pulmonary manipulation and retraction, postoperative pain from the thoracic and abdominal incisions, reflex diaphragmatic dysfunction, and distension of the intrathoracic stomach". Prolonged one-lung ventilation also may cause absorption atelectasis and transudation of fluid in the dependent lung12. Another cause of pulmonary complication in thoracoscopic surgery is inadvertent injuries to the lung because of the limited video exposure of the operative site. Similar intraabdominal injuries are described in laparoscopic surgery13.
Our initial experience suggests that postoperative pulmonary complication may be higher in thoracoscopic oesophagectomy. Our series of patients is small and results may improve after more experience and the availability of specially designed equipment and facilities. Our experience of increased postoperative pulmonary complications should be considered by those about to undertake similar procedures. At the present time we cannot recommend thoracoscopic oesophagectomy as the preferred method for surgical treatment of oesophageal carcinoma. Further studies are required to determine the role of thoracoscopic surgery, particularly for oesophagectomy.
